Developmental significance of a cortical cytoskeletal domain in Chaetopterus eggs.
The cortex of Chaetopterus eggs contains a cytoskeletal domain (CD) which includes a specific class of dense granular organelles and a large proportion of the maternal mRNA. This CD, along with its constituent dense granular organelles and mRNA, can be displaced to atypical locations in the egg by centrifugation. To investigate the developmental significance of the CD, we have examined the early development of egg and zygote fragments, prepared by centrifugation, which contained the CD, the nucleus, or both. Specifically, we prepared nucleate egg and zygote fragments depleted in the CD, and two-cell embryos in which the CD was present in only one cell. Nucleate centripetal egg fragments were both unable to develop after fertilization and were depleted in the CD, as shown by electron microscopy, acridine orange staining of cortical organelles, and hybridization with poly(U) and cloned DNA probes. In contrast, about 20-35% of the nucleate centripetal fragments derived from one-cell zygotes developed into swimming larva. Correlated with this improved success of development, we found that these zygotic centripetal fragments contained significant levels of the CD, using the same methods listed above. More effective removal of the CD from zygotic centripetal fragments by stratification prior to fragmentation virtually eliminated their ability to develop. The CD and associated components could be displaced into only one of the first two blastomeres by centrifugation of zygotes immediately prior to the first cleavage. Embryos containing the CD in only one blastomere continued to cleave, but formed defective larva. The results suggest that the cortical CD is necessary for normal embryonic development.